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(71) We, North American Rock- 
well Corporation, a corporation organised 
and existing under the laws of the State 
of Delaware, of Rockwell-Standard Build- 
5 ing, Pittsburgh, Pennsylvania, United States 
of America, do hereby declare the invention, 
for which we pray that a Patent may be 
granted to us, and the method by which 
it is to be performed to be particularly 
10 described in and by the following state- 
ment : — 

This invention relates to friction welding 
apparatus. 

The friction welding of relatively light- 

15 weight parts is well known, and apparatus 
has been proposed wherein relatively rotat- 
ing parts such as thin metal shells and the 
like are forced into rubbing contact until 
the generated heat due to friction results 

20 in fusion of the engaged regions and sub- 
sequent friction welding. Certain structural 
arrangements have been suggested for 
mounting relatively rotating heavy work- 
pieces, but in some cases the structural 

25 requirements involved when very heavy 
metal masses such as steel drive axle hous- 
ing components are brought, together into 
relatively rotating frictional engagement 
have not been appreciated. It is the object 

30 of the invention to provide an improved 
apparatus for heavy duty friction welding. 

According to the invention a friction 
welding apparatus comprises a support 
structure, means on said structure for re- 

35 leasably securing a stationary workpiece 
rigidly thereto, a carrier, an arbor assembly 
rotatably supported by said carrier, said 
arbor assembly having a chuck at one end 
for releasably holding a workpiece and a 

40 splined shaft portion at the other end, slide 
guide means mounting said carrier for dis- 
placement along said structure toward and 
away from said stationary workpiece hold- 
ing means such that a workpiece held by 

45 the chuck can be moved into engagement 
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with a workpiece held by said stationary 
workpiece holding means, an internally 
splined pulley axially slidably mounted in 
rotary driving engagement on said splined 
shaft portion, and motor means for rotat- 50 
ably driving said pulley, whereby said motor 
means is effective to rotatably drive said 
arbor assembly and a workpiece mounted in 
the chuck thereof in all displaced positions 
of said carrier along said slide guide means. 55 

A preferred embodiment of the invention 
is now described with reference to the 
accompanying drawings wherein : — - 

Figure 1 is a top plan view illustrating 
the arrangement of parts in apparatus in- 60 
corporating a preferred embodiment of the 
invention; 

Figure 2 is a generally perspective view 
showing a hydrostatic bearing unit from 
the apparatus of Figure 1; 65 

Figure 3 is an elevation partly broken 
away and in section showing structural 
details of the unit of Figure 2; 

Figure 3A is an enlarged fragmentary 
view illustrating the orifice construction for 70 
delivering oil to the front thrust bearing 
shown in Figure 3; 

Figure 4 is a side elevation showing the 
friction welding apparatus of Figure 1; 

Figure 5 is a fragmentary side elevation 75 
partially broken away and in section look- 
ing into one of the stationary workpiece 
jaws; 

Figure 6 is a fragmentary view mainly in 
section showing details of one form of drive 80 
to each hydrostatic bearing unit; 

Figure 7 is a generally perspective view 
partly broken away and sectioned showing 
details of the center stationary workpiece 
clamping portion of the support structure; 85 

Figure 8 is a fragmentary view partly 
broken away and in section showing the 
mechanism for moving the central stationary 
workpiece clamp jaws; 

Figure 9 is a fragmentary top plan view 90 
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showing further detail as to clamping of 
the stationary workpiece; 

Figure 10 is a side elevation partially 
broken away and in section showing a pre- 
5 ferred form of hydrostatic bearing drive 
arrangement; 

Figure 11 is a side elevation partially 
broken away and in section showing details 
of the end clamps for the stationary work- 
10 piece; 

Figure 12 is an end elevation partially in 
section showing further detail of the end 
clamps of Figure 11; and 

Fiaure 13 is an enlarged end elevation 

15 of the machine of Figures 1 and 4, showing 
location of essential parts. 

Figure 1 illustrates a friction welding 
apparatus wherein three workpieces 11, 12 
and 13 are to be friction welded together. 

20 In this arrangement the central workpiece 
12, which may be an axle housing center 
section, is held stationary and the other two 
workpieces, which may be wheel bearing 
end spindles 11 and 13, are rotated while 

25 being moved into contact with opposite ends 
of workpiece 12. 

The central workpiece 12 is mounted in 
a cradle structure 14 wherein opposite sides 
are engaged and held suitably by adjustable 

30 jaws 15 and 16. The oppositely extending 
arms of workpiece 12 are clamped tightly 
in similar fixtures 17 each of which has 
opposed adjustable jaws indicated at 18 
and 19 for gripping the workpiece. This 

35 arrangement supports and anchors work- 
piece 12 against rotation or axial displace- 
ment. Cradle 14 is secured rigidly to the 
machine base 21. 

Workpiece 11 is mounted upon a hydro- 

40 static bearing unit carrier 22 and workpiece 
13 is mounted upon a similar hydrostatic 
bearing unit carrier 23 at opposite ends of 
base 21. These carriers 22 and 23 and the 
bearing units on them are essentially the 

45 same. 

Figure 2 shows carrier 23 as compnsmg 
an annular frame 24 having rigid side mem- 
bers 25 and 26 formed at their lower ends 
with parallel rectangular guideway grooves 
50 27 and 28 respectively slidably fitting with 
parallel rails 29 and 31 on the machine 
base 21. 

A pair of power cylinders 32 and 33 are 
fixed on base 21 with their piston rods 34 

55 and 35 respectively projecting parallel and 
at the same" level into rigid connection with 
carrier frame 24. Fasteners such as nuts 36 
assure that piston rods 34 and 35 are 
secured to frame 24. As will appear intro- 

60 duction of fluid under pressure into both 
cylinders 32 and 33 will advance the carrier 
and the bearing unit cartridge 37 thereon 
toward the stationary workpiece 12. 

A shaft 38, located centrally of carrier 

65 23 and midway between cylinders 32 and 



33, has a splined section 39 which axially 
slidably but non-rotatably extends through 
the hub of an axially stationary pulley 40 
(Figures 6 and 10). A belt 41 is trained 
around nulley 40 and an idler pulley 41a. 70 
Pulley 41 a, as shown in Figure 10, is 
mounted on an idler shaft Alb which is 
suitably journalled for rotation about an 
axis extending parallel to and vertically 
below shaft 38. A motor driven pulley 41c 75 
is also mounted on shaft 412? as shown. A 
belt 42 (Figure 1) connects pulley 41c to a 
pulley 43 on the output shaft 44 of a 
power assembly 45 consisting essentially of 
an electric motor 46 connecFed to shaft 44 80 
through a clutch unit at 47 and having a 
braking unit associated therewith at 48. 

Referring to Figure 6, a sleeve or spindle 
40a secured to the machine frame as by 
screws 406 coaxially surrounds shaft 38 so 85 
as to permit free sliding of the shaft there- 
through. Sleeve 40a is formed with axially 
spaced cylindrical sections 40c and 40d 3 on 
which are mounted the inner races of 
tapered roller bearing units 40e and 40/ 90 
respectively. The inner ends of the outer 
races of the bearing units axially abut 
internal annular shoulders 40# and 40/i re- 
spectively of pulley 40. The outer end of 
the internal race of bearing unit 40/ abuts 95 
axial shoulder 40/ on the sleeve. The outer 
end of the sleeve is threaded at 40k to 
mount a locknut assembly 40m on which 
abuts the outer end of the inner race of 
bearing unit 40c. When the locknut assem- 100 
bly is tightened the bearings are preloaded 
and retained, and as shown these bearing 
units 40e and 40/ also act as thrust bearings 
for preventing axial displacement of pulley 
40 with respect to shaft 38. 105 

An axially aligned drive collar 40n is 
secured to pulley w 40 as by screws 40p and 
has an internally splined hub 40q meshed 
with shaft splines" 39. Shaft 38, during 
operation when the carrier 23 is displaced 110 
along the frame, slides axially through 
collar 40n while retaining drive between 
shaft 38 and pulley 40 without axial dis- 
placement of the pulley. 

Shaft 38 enters the hydrostatic bearing 115 
unit cartridge 37 wherein as will appear it 
may be operably drive connected to the 
inserted workpiece 13. By confining pulley 
40 against axial displacement and by pro- 
viding the splined drive connection between 120 
pulley 40 and shaft 38, continuous rotation 
of shaft 38 need not be interrupted as the 
carrier for the cartridge is axially displaced 
along guide rails 29 and 31. 

As shown in Figure 6 a tubular enclosure 125 
20 extends from the frame to enclose the 
splined end of shaft 38 during displace- 
ment, and a suitable sheet metal cover 20a 
secured to the frame by screws 20/> extends 
over the upper part of the pulley. 130 
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The foregoing drive structure is essen- 
tially duplicated for driving pulley 61 at 
the other end of the support structure. 
Similarly, housing carrier 22 is slidably 
5 mounted on the machine frame guide rails 
52 and 53 which are in parallel alignment 
with rails 29 and 31, and displacement of 
currier 22 is controlled by parallel cylinders 
54 and 55 connected by piston rods 56 and 

10 57 respectively to housing 51. A shaft 58 
having" a splined section 59 axially slidably 
extending through a pulley 61 extends into 
the bearing unit cartridge 62 to be con- 
nected, as will appear, to rotate worlcpiece 

15 11. 

Pulley 61 is confined against axial dis- 
placement, is non-rotatably mounted on 
shaft 58 through the splined drive connec- 
tion provided by section 59, and is con- 

20 nected by belt 63 to an idler pulley 64 (see 
Figure 4). The construction of pulley 61 
and its mounting are essentially the same 
as shown for pulley 40 in Figure 10, where- 
by pulley 61 is restrained against axial 

25 movement and is drive connected to shaft 
58 by splines 59 which slide through the 
pulley while maintaining drive association 
therewith while carrier 22 is being displaced 
along the support structure. Pulley 64 is 
■- mounted on an idler shaft 64a which is 
suitably journalled for rotation about an 
axis extending parallel to and vertically 
below shaft 58. A further pulley 64b, which 
is mounted on shaft 64a, is connected by a 

35 belt 64c to a pulley 64^ (Figure 1). Pulley 
64d is mounted on an output shaft 65 of 
an independent power unit 66 that com- 
prises an electric motor 67 connected to 
shaft 65 through a clutch 68 and having a 

40 braking unit associated therewith at 69. 
The hydrostatic bearing unit cartridges 
37 and 62 are preferably exactly alike, and 
similar reference numerals will be used for 
both. Figure 3 shows internal details 

45 wherein the cartridge unit comprises a hous- 
ing 71 that has a cylindrical periphery fitted 
snugly within the inner periphery 72 of 
frame 51. A series of machine screws 73 
extend through a radial housing flange 74 

50 to fix housing 71 to frame 51. A forwardly 
extending hollow conical nose portion 75 of 
the housing is secured to the housing by 
a row of screws 76 at flange 74. 

Housing 71 is formed with a forwardly 

55 open relatively large diameter recess 77, and 
recess 77 is provided front and rear with 
axially spaced concentric cylindrical sur- 
faces 78 and 79, surface 78 near the bottom 
of the recess being of slightly smaller dia- 

60 meter. Concentric with recess 77 is a smaller 
diameter bore 81 through rear wall 82 of 
the housing. 

Within recess 77 a housing core section 
83 is secured as by a series of machine 

65 screws 84 extending through wall 82. Core 



83 is formed with cylindrical end surfaces 
85 and 86 fitting snugly with recess surfaces 
78 and 79 respectively, and resilient seal 
ring and groove arrangements indicated at 
87 and 88 respectively provide static seals, 70 
whereby interiorly of the housing 71 an 
annular chamber 89 is defined between core 
83 and the surrounding housing portion. 

As will appear core 83 is formed with 
special lubricant distribution passages. It 75 
is preferably made as a physically separate 
part from the housing to permit the form- 
ing therein of such passages without unduly 
complex casting or machining operations, 
but once in place as shown in Figure 3 it 80 
becomes essentially a unitary part of hous- 
ing 71. 

Power driven shaft 58 is connected to a 
coupling 91 which is secured to the end of 
a drive sleeve 92 by bolts 93. Sleeve 92 is 85 
non-rotatably mounted, as by splines at 94, 
on the end of a hollow arbor assembly 95. 
Arbor assembly 95 comprises a rear sec- 
tion 96 having a cylindrical surface 97 
passing through a surrounding cylindrical 90 
bore 98 in core 83. a radially enlarged flange 
section 99 adjacent the flat front core face 
100 which is perpendicular to the arbor 
axis, and a forward section 101 having an 
internal cylindrical bore 102 and an outer 95 
cylindrical periphery 103 surrounded by a 
cylindrical bore 104 on the front end of 
the housing nose 75. 

As will appear the arbor assembly is 
radially supported within the housing on 100 
hydrostatic bearing means effective between 
arbor section 96 and bore 98 and between 
arbor section 101 and bore 104. 

Arbor section 96 is enlarged internally 
at 105 to form a cylinder chamber 106 105 
within which a piston 107 is slidably 
mounted. A compression spring 112 reacts 
between a radial wall 113 within the arbor 
and piston 107 to urge the piston to the 
right in Figure 3. 110 

A piston rod 114 fixed to piston 107 
extends slidably through a cap 115 secured 
as by screws 116 to the flange section of 
the arbor to otherwise close the forward 
end of chamber 106. A suitable sealed 115 
bearing assembly indicated at 117 permits 
free sliding of rod 114 while maintaining 
fluid pressure in chamber 106. A spacer 
sleeve 110 on rod 114 limits forward dis- 
placement of piston 107. 120 

At its forward end piston rod 114 is 
secured to a swivel coupling 118 peripher- " 
ally engaged in internal annular grooves 
119 on the rear end of a series of chuck 
elements 121 which in turn are axially slid- 125 
ably mounted on a chuck element 122 fixed 
as by screws 123 upon the arbor assembly. 
There are usually several chuck elements 
121 equally circumferentially distributed 
about the workpiece. 130 
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The forward end of each chuck element 
121 has an inner workpiece engaging sur- 
face 124 and an external generally conical 
contour forward inclined surface 125 that 
5 slidably engages a similarly inclined surface 
126 on fixed chuck element 122. Fixed 
chuck element 122 has an internal annular 
workpiece engaging surface at 127, and a 
series of circumferentially spaced internal 
10 workpiece engaging surfaces 128 between 
which extend the movable chuck elements 
121. 

The chuck arrangement and structure 
shown in Figure 3 is for holding axle 
15 spindles of the shape illustrated. The inven- 
tion contemplates any equivalent chuck 
arrangement suited to the workpieces being 
welded. 

In Figure 3, piston 107 is shown dis- 

20 placed to its rearmost position by fluid 
pressure in chamber 106, and in that posi- 
tion it has displaced chuck elements 121 to 
the left whereby they ride up cam surfaces 
126 to contract the chuck and peripherally 

25 grip workpiece 11 to lock it non-rotatably to 
the arbor assembly 95 concentrically on the 
axis of rotation of the arbor assembly. This 
condition exists during the friction welding 
operation as will appear. 

30 The rear end of housing bore 81 contains 
a collar 131 the internal periphery 132 of 
which has free running clearance with the 
arbor. Collar 131 is secured to the housing 
as by screws 133 and mounts an annular 

35 axially resilient seal assembly 134 axially 
disposed between the stationary housing and 
the rotating arbor assembly. Thus no lubri- 
cant can escape axially through housing 
bore 81. 

40 At the front end of the cartridge, housing 
member 75 terminates in boss 135 having 
a cylindrical bore 136 snugly receiving the 
cylindrical surface 137 of a bearing collar 

138 secured to the housing as by screws 
45 139. Bore 104 is formed on the inner peri- 
phery of collar 138. Static seal rings 139 
and 141 are provided between surfaces 136 
and 137. 

At its forward end a ring 142 secured to 
50 collar 138 as by screws 143 mounts an 
axially resilient seal assembly 144 axially 
disposed between the stationary housing 
structure and the rotating arbor assembly. 
Thus no lubricant can escape through the 
55 front end of the housing. 

Seals 134 and 144 are the only two seals 
needed between the arbor assembly and the 
housing in the novel structure of the inven- 
tion. 

60 An annular groove 151 is provided in 
surfaces 136 axially between the seal rings 

139 and 141, and a radial inlet passage 152 
extends outwardly from this groove to con- 
nect with a supply conduit 153. Referring 

65 to Figure 3, it will be seen that the internal 



surface 104 of bearing collar 138 is formed 
with an equally circumferentially spaced 
series of (usually about six) cavities 154 of 
the same size, and each cavity is connected 
to groove 151 by a radial passage 155 70 
denning a flow restricting orifice of pre- 
determined size contained in a threaded fit- 
ting 156. 

The diameter of cylindrical surface 104 
is accurately machined a small amount 75 
larger than the diameter of cylindrical arbor 
surface 103. 

Oil under high pressure enters passage 
152 and distributes circumferentially 
around groove 151 from whence it is 80 
directed through the restricted orifices into 
cavities 154. Cavities 154 therefore are filled 
with the oil under pressure, and the 
differences in diameters of surfaces 103 and 
104 provides gaps indicated at 158 (Figure 85 
3) and between the adjacent cavities 154 
(not shown). Normally no oil flows through 
the gaps between the cavities because the 
pressure of oil in adjacent cavities is sub- 
stantially equal during normal operation. 90 

As shown in Figure 3, gaps 158 extend 
axially, and cavity oil leaking laterally 
through these gaps 158 flows directly and 
through drain holes 160 to enter a low 
pressure space 161 within the housing. From 95 
space 161, oil flows through passage 162 
back to the sump. 

Thus, with the arbor assembly rotating 
about its axis indicated at 159, its forward 
end is radially supported by the high pres- 100 
sure oil circulating in the cavities 154 and 
gaps 158 and there is no metal to metal 
contact at surfaces 103 and 104. The fore- 
going constitutes the front hydrostatic 
journal bearing in the assembly. 105 

Referring to Figure 3, an oil supply con- 
duit 161' enters a housing passage 162' open- 
ing into chamber 89. The housing core 83 is 
formed around its internal periphery with a 
series of spaced cavities 163 each of which is 110 
connected to chamber 89 by accurately 
sized, restricted sharp-edged orifices in the 
passages indicated at 165. Cavities 163 are 
the same size and equally spaced around 
the surface 98. 115 

Cylindrical surface 97 is of slightly 
smaller diameter than internal cylindrical 
surface 98 of the housing core. The incom- 
ing oil maintains high pressure in cavities 
163 to provide balanced support of the 120 
arbor during rotation. The gaps 166 that 
exist between concentric surfaces 97 and 98 
provide relief passages between the cavities 
and at the sides as indicated in Figure 3 
to discharge oil into a core passage 167 
through which oil flows back to the sump. 
Communication between passage 167 and 
chamber 89 is blocked by plug 168. 

The foregoing provides a second hydro- 
static journal bearing for the arbor assembly. 130 



5 



1 224 360 



5 



As shown in Figure 3, chamber 89 is 
connected by a core passage 171 to an 
annular recess 172 in surface 98, and oil 
from recess 172 flows through a plurality 

5 of openings 173 in the arbor to enter piston 
cylinder 106. Oil under pressure in cylinder 
106 forces piston 107 to the left to its work- 
piece clamping position. Thus oil in the 
bearing assembly circuit must be pressurized 

10 before the workpiece 1 1 can be secured non- 
rotatably to the arbor. 

An oil supply conduit 181 is connected 
by a core passage 182 to one end of a con- 
duit 183 extending longitudinally of core 

15 83 to open into a relatively shallow annular 
chamber 184 defined by annular recess 185 
in the rear face of arbor flange 99 and the 
flat front face 100 of the core. Radially 
outwardly of chamber 184 the arbor flange 

20 is formed with an annular flat face 186 that 
is closely adjacent and parallel to core face 
100 so as to define a restricted passage gap 
Seated at 187 through which oil from 
nber 184 flows to lower pressure pas- 
jje 162. 

Gap 187 functions to provide a thin band 
of oil between surfaces 100 and 186, thereby 
providing a rear hydrostatic thrust bearing 
preventing metal to metal contact between 

30 arbor surface 186 and housing surface 100 
even under the very heavy axial pressures 
encountered during friction welding. 

Oil under the pressure of cylinder 106 
also enters a plurality of radial passages 

35 191, and one or more of these passages 191 
is connected by a sharp-edged, orifice 192 
providing a restricted entrance that opens 
into an annular groove 194. Groove 194 is 
formed in a fixed ring block 195 secured to 

40 the housing by screws 196. Orifice 192, as 
shown in Figure 3A, is defined by a thin 
orifice disc 193 which is held in place by 
an annular fitting 193a. Disc 193 is disposed 
in a short axial passage 1936 extending 

45 from passage 191 to face 197. This type of 
structure is preferably used to provide the 
sharp-edged orifices at 155 and 165. Oil 
under pressure is thus delivered through 
orifice 192 to the annular interface between 

50 the front surface of flange 99 and the hous- 
ing and this provides a front hydrostatic 
thrust bearing preventing metal to metal 
contact between flat annular face 197 on the 
arbor and flat face 198 on the housing. 

55 Oil under pressure (about 1500 psi) is 
delivered to both hydrostatic journal bear- 
ings of the unit. With reference to Figure 3, 
the oil at line pressure from conduit 153 
and passase 152 enters groove 151 which 

60 circulates it to simultaneously pass through 
the restricted orifices 157 into cavities 154, 
so that all of the cavities 154 are com- 
pletely filled with oil under pressure. Oil 
from the cavities also flows continuously 

65 back to drain through gaps 158 into passage 



162. 

The arbor assembly at the front end is 
therefore peripherally supported essentially 
by the pressurized oil in cavities 154 out of 
metal to metal contact with internal surface 70 
104 of the housing. The equal pressure areas 
at the cavities co-operate to automatically 
center the arbor assembly on its axis of 
rotation, and the arrangement prevents in- 
creasing radial loads on the arbor assembly 75 
from causing metal to metal contact between 
the arbor assembly and housing. For ex- 
ample, should the radial load on the arbor 
assembly increase at the top, this will result 
in the arbor assembly being displaced down- 80 
wardly which will reduce the separation of 
surfaces 103 and 104 at the lower gaps 
158 and increase the separation of those 
surfaces at the upper gaps. As a con- 
sequence the relief through gaps 158 be- 85 
tween the lower cavities will be restricted 
to result in the oil pressure in the adjacent 
cavities increases, and the widened upper 
gaps 158 permit increased relief and there- 
fore lowered oil pressure in the upper 90 
cavities. This condition prevails as long as 
there is an unbalanced load on the bearing. 
The increase in oil pressure, as at the 
bottom cavities in the foregoing example 
when algebraically added to the decrease in 95 
oil pressure at the upper cavities will equal 
the applied load. The foregoing action is 
rendered possible due to the provision of 
the restricted orifices through which oil 
enters the cavities as these orifices isolate 100 
the cavities from the pressurized source 
sufficiently to enable compensation to take 
place. When the arbor assembly becomes 
centered on the axis of rotation, all cavities 
are equally pressurized. 105 

Oil from the line at 161' enters passage 
162' to provide an annular body of oil in 
chamber 89 at pump pressure, and this 
chamber simultaneously supplies oil through 
all of the restricted orifices 165 into the HO 
cavities 163, whereby these cavities contain 
oil under pressure and are interconnected by 
circumferential gaps. Surfaces 97 and 98 are 
automatically maintained against metal to 
metal contact as described for the front 115 
bearing. Oil from cavities 163 continuously 
flows through the sides of gaps 166 to the 
drain passage 162. 

Thus it will be seen that the entire arbor 
assembly is supported and automatically 120 
centered by the front and rear hydrostatic 
radial bearings in each cartridge. The com- 
bination of hydrostatic radial bearings with 
the components of a machine subject to such 
exceptionally large loads as friction welding 125 
apparatus is particularly novel and useful, 
because bearings of the usual tapered roll 
or ball type designed to withstand equiva- 
lent forces would be exceptionally large and 
unwieldy, difficult to mount and of such 130 
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large weisht and inertia as to require exces- 
sive forces to move and stop the large 
masses involved. The provision of hydro- 
static bearings in the combination reduces 

5 the sizes of Ihe workpiece carriers to un- 
expectedly small dimensions and provides 
better practical operational conditions with- 
in smaller space at less expense, and this 
contributes mainly to solve the problems 

10 of adapting friction welding to the joining 
of heavy Targe components. 

Referring to Figure 3, it will be seen 
that the hydrostatic radial bearings are dis- 
posed forwardly and rearwardly of the 

15 hydrostatic thrust bearings provided be- 
tween the arbor assembly flanged section 99 
and the housing. The novel cartridge unit 
of the invention contains only two oil seals 
between the entire rotating arbor assembly 

20 and the housing, which is extremely advan- 
tageous in view of the high speeds involved, 
and those seals are the end seals at 134 and 
144 which are located so as to be subject 
only to oil at reduced pressure flowing away 

25 from the radial bearings. This aspect of the 
invention thus provides fewer seals and 
facilitates convenient repair of replacement 
by locating the seals at opposite ends of 
each carrier unit. 

30 Since passage 171 conducts oil under 
pressure from "chamber 89 to the cylinder 
106, chuck elements 121 are displaced rear- 
wardly in Figure 3 to automatically clamp 
the workDiece 11 fixedly to the arbor assem- 

35 bly only" when the radial bearings having 
been pressurized, and this takes place before 
the arbor assembly is rotated during the 
welding machine cycle. When the oil pres- 
sure drops in chamber 89 during the welding 

40 machine cycle, the pressure in cylinder 106 
drops to allow spring 112 to push the chuck 
elements forward to release the workpiece. 
By making core 83 as a separate housing 
part for insert in the assembly, machining 

45 and other forming of the oil passages and 
surfaces therein is simplified and may be 
carried out apart from the housing 71. 

A pump (not shown) delivers oil through 
conduit 181 into the rear hydrostatic thrust 

50 bearing at chamber 184 under a variable 
pressure depending upon the magnitude of 
the imposed thrust load. 

Referring to Figure 3, it will be seen that 
chamber 184 contains an annular band or 

55 pad of oil, and oil from chamber 184 passes 
continuously radially out in an annular 
thin layer in the gap 186 between surfaces 
185 and 100 to discharge into drain passage 
162 which delivers the oil back to a sump. 

60 The arbor assembly 95 is so mounted in 
the apparatus as to have a predetermined 
range of controlled small axial float in 
the housing. The allowable degree of float 
is such that with zero thrust (no axial load) 

65 which is the condition that exists before the 



workpieces 11 and 13 engage the ends of 
workpiece 12, oil pressure in chamber 184 
urging the arbor assembly forwardly in- 
creases sap 187 to such width that the 
pump pressure falls to only about five per 70 
cent of its maximum value. This automatic 
relief means that little power is consumed 
and the apparatus is free of high pressure 
oil strain except when actually performing 
the welding operation during each cycle. 75 

It is a noteworthy feature of the inven- 
tion that the high pressure oil circuit within 
each cartridge requires no oil seals within 
the cartridge^ The only oil seals at 134 and 
144 need withstand only lower oil pressures. 80 

The annular land 112a (Figure 3) in sur- 
face 98 effectively isolates the rear or out- 
board hydrostatic journal bearing from the 
hisher pressure oil in the thrust bearing cir- 
cult, the space between surfaces 97 and 98 o5 
extending between chamber 184 and groove 
172 providing a very low leakage seal be- 
tween the two oil circuits within the cart- 
ridge. . . 

A hydrostatic reverse thrust bearing is yU 
provided at the front side of flange section 
99 of the arbor assembly, where oil at the 
pressure of piston chamber 106 is dis- 
charged through the series of circumferen- 
tialiy spaced restricted orifices 193 to ex- 95 
pand at lower pressure into annular groove 
194, and this lower pressure is adequate 
to always maintain flange section 99 of the 
arbor assembly from metal to metal contact 
with the housing. m 100 

When the pressurized oil circuits in the 
radial journal bearings have been estab- 
lished, when the power units 45 and 65 
are actuated to drive the arbor assemblies, 
and when the arbor assemblies are up to lu:> 
speed, the respective cylinders at 32 and 33 
and 54 and 55 are operated to slide carriers 
22 and 23 toward each other to frictionally 
engage the workpieces. Once these are 
engaged the journal and thrust loads, par- 
ticularly the latter, increase tremendously. 
The automatic compensation at the journal 
bearings has been above described. 

As the thrust increases the entire arbor 
assembly will tend to shift rearwardly re- Ui 
lative to housing 71, to the left in Figure 
3. This does not cause any oil leakage at 
the end seals 134 and 144 because these 
seals are axially resilient and the oil pres- 
sure there is relatively low, and seal 144 120 
axially expans to maintain sealing engage- 
ment with the housing. Rearward displace- 
ment of the arbor assembly results in re- 
striction of the annular sap 187 between 
the flat parallel surfaces l0"0 and 186, to 125 
decrease "the relief from chamber 184, and 
this results in oil pressure building up 
between the constant displacement pump 
delivering oil to line 181 and chamber 
184. The' pumn is of such capacity as to be 130 
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capable of developing counter pressures 
opposing the thrust up to 2,000 psi in 
chamber 184, which in a friction welding 
apparatus for welding spindles onto axle 
5 housings is adequate to oppose axial thrust 
up to 150,000 pounds at the welding joint. 

The foregoing hydrostatic bearing arrange- 
ments are particularly effective in heavy 
duty friction" welding apparatus wherein the 

10 welding cycle involves periods where full 
capacity of the thrust is developed at zero 
speed. The weld under the applied axial 
pressure develops immediately after rotation 
of the end workpieces 11 and 13 is stopped. 

15 Hydrostatic bearings as disclosed maintain 
adequate film thickness layers of lubricant 
at the gaps 158, 166 and 187 under the 
very heavy load low speed conditions en- 
countered. As a result of the pressurized 

20 oil support conditions orovided by the 
hydrostatic bearings there is little or no 
bearing starting friction to overcome when 
the motors 46 and 47 are set in operation 
and minimum power is required for 

25 acclerating the rotating workpieces, and 
operational speeds are quickly attained even 
for such heavy masses as axle housing com- 
ponents, which speeds operation and in- 
creases production. 

30 It is also to be noted that the pressure 
of oil supplied to the thrust bearings varies 
with the imposed axial load from a small 
value approaching zero to a much greater 
value, with the upper limit being appreci- 

35 ably higher than the fixed supply of pres- 
sure to the journal bearings. 

The foregoing structure and mode of 
operation of the hydrostatic bearing units 
together with the hydraulic circuits for 

40 operating the same are disclosed and 
claimed in our copending British Patent 
application Number 21211/68 Serial No. 
1224358 of even date • herewith, and 
reference is made thereto for any detail 

45 necessary to understand the presently 
claimed invention. 

Also the overall combined electrical and 
hydraulic control system for carrying out the 
weld cycle in an automatic machine is dis- 

50 closed and claimed in our copending British 
Patent application Number 21212/68 Serial 
No. 1224359 of even date herewith, and 
reference is made thereto for any detail 
necessary to understand the presently 

55 claimed invention. 

Referring to Figures 1 and 4 the machine 
support structure" 21 comprises three sec- 
tions 201, 202 and 203 rigidly connected 
end to end. The end sections 201 and 203 

60 mount the hydrostatic bearing unit carriers 
22 and 23 and associated mechanism for 
driving the arbors in those units and shift- 
ing the units along the frame auideways. 
These two end sections are substantially 

65 identical in construction although reversely 



disposed in the assembly. The center sec- 
tion 202 contains clamps for rigidly secur- 
ing the stationary workpiece 12 against any 
movement during an operational cycle. It 
will be noted (Figure 1) that the power 70 
sources 45 and 66 are independent units 
rigidly mounted on the floor separately from 
the support structure 21. This reduces pos- 
sible vibration in the support structure 
during friction welding. 75 

Referring now to the center section of 
the support structure and Figures 1, 4, 5 
and 7-9 the cradle 14 for mounting the 
stationary workpiece comprises an adjus- 
table jaw central portion wherein jaws 15 80 
and 16 face each" other transversely, and 
the two adjustable jaw end portions 17 in 
each of which jaws 18 and 19 face each 
other transversely. 

Jaws 15 and 16 are fixed on blocks 215 85 
and 216 slidably mounted in transverse 
alignment on guideways 217 in laterally 
opposite columns 218 and 219 which form 
part of a U-shaped casting 221. Columns 
218 and 219 extend upwardly from the 90 
crosspiece of casting 22l which is rigidly 
secured to the support structure as by bolts 
222. 

Midway between jaws 15 and 16, casting 
221 is formed with a rectangular key way 95 
223 extending longitudinally on the machine 
centerline and in which are adjustably 
mounted a pair of clamp jaws 224 and 225 
that may be locked by bolts 226 and 227 
respectively. These are internal jaws fitting 100 
into the carrier mounting opening of a drive 
axle housing in the preferred embodiment 
of the invention. 

Referring to Figure 8, an expansible fluid 
pressure cylinder 231 suitably mounted 105 
within the interior of base section 202 has 
its slidable piston rod 232 connected pivot- 
ally at 233 to a generally vertically extend- 
ing lever 234 rockable about a fixed pivot 
235 on the base. The upper end of lever 110 
234 extends freely through an opening 236 
in the machine base into the recessed in- 
terior 237 of jaw block 216 within which 
it is slidably received. Similarly casing 239 
of the cylinder is pivoted at 241 at the 115 
lower end of a lever 242 similar to lever 

234 and similarly pivoted on the frame by 
pin 243 (Figure 5) and slidably connected 
to the jaw block 215. The axes of pivots 

235 and 243 are parallel and they lie in the 120 
same horizontal plane. Levers 234 and 242 

are of the same length and effective leverage. 

In operation, the parts are generally as 
shown in Figure 8 in initial position with 
the levers 234 and 242 vertical" and jaws 15 125 
and 16 retracted, and horizontal cylinder 
231 is in its contracted condition. When 
fluid under pressure is supplied to cylinder 
231, as by the control means disclosed in 
said copending Application No. 21212/68 130 
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Serial No. 1224359 at an appropriate time 
in the welding cycle; rod 232 is extended 
from said cylinder. This moves levers 234 
and 242 angularly in opposite directions to 
5 displace jaws 15 and 16 toward each other 
to grip the stationary workpiece 12. Due to 
the length of these levers a considerable 
clamping force is provided, and as the posi- 
tion of the fluid pressure cylinder is deter- 

10 mined by the levers, said cylinder can float 
to permit the pair of jaws to take their own 
position for ensuring an even centered grip 
on the stationary workpiece. 

Referring now to Figures 1, 4, 9, 11 and 

15 12 in each of the end clamps 17 the oppos- 
ing jaws 18 and 19 are mounted on similar 
columns 251 and 252 respectively (Figure 
12) that have their lower ends formed with 
a dovetail recess 253 (Figure 11) slidable 

20 toward and away from each other on a cor- 
respondingly shaped transverse guide rail 
254 which in turn is secured to a plate 255 
that is supported on the base center section. 
As shown in Figure 11, plate 255 has a 

25 threaded bore 256 located longitudinally 
centrally of the machine receiving a screw 
257 that has its head 258 rotatably mounted 
but axiaily fixed on the frame at 259. When 
screw 257 is turned plate 255 is displaced 

30 longitudinally of the machine. Key 261 
which projects into a keyway 262 is fixed 
to plate 255 and maintains longitudinal 
alignment of the jaws with respect to the 
workpiece as the jaws are adjusted by 

35 manipulation of screw 257. 

Referring to Figure 12, plate 255 has 
secured thereto an upright member 263 hav- 
ing a shaft 264 mounting a hydraulic motor 
265 the output shaft 266 of which carries 

40 a sprocket connected by chain 268 to a 
sprocket 269 on a horizontal shaft 271. 

The opposite ends of shaft 271 are jour- 
nalled in suitable bearings at 272 and 273 
on plate 255 and these bearings also pre- 

45 vent axial displacement of the shaft. Shaft 
271 extends through aligned bores 274 and 
275 in columns 251 and 252 respectively. 
Shaft 271 is formed with oppositely 
threaded sections 276 and 277 disposed in 

50 corespondingly threaded bores 278 and 279 
in the respective columns, whereby rotation 
of shaft 271 in one direction will advance 
jaws 18 and 19 into gripping relation with 
the stationary workpiece and rotation in the 

55 other direction will separate jaws 18 and 
19. 

WHAT WE CLAIM IS: — 
1. A friction welding apparatus com- 
60 prising a support structure, means on said 
structure for releasably securing a stationary 
workpiece rigidly thereto, a carrier, an arbor 
assembly rotatably supported by said 
carrier, said arbor assembly having a chuck 
65 at one end for releasably holding' a work- 



piece and a splined shaft portion at the 
other end, slide guide means mounting said 
carrier for displacement along said structure 
toward and away from said stationary 
workpiece holding means such that a work- 70 
piece held by the chuck can be moved into 
engagement with a workpiece held by said 
stationary workpiece holding means, an in- 
ternally splined pulley axiaily slidably 
mounted in rotary driving engagement on 75 
said splined shaft portion, and motor means 
for rotatably driving said pulley, whereby 
said motor means is effective to rotatably 
drive said arbor assembly and a workpiece 
mounted in the chuck thereof in all dis- 80 
placed positions of said carrier along said 
slide guide means. 

2. An apparatus according to Claim 1, 
wherein means are provided on said struc- 
ture for positively restraining said pulley 85 
against axial displacement relative to said 
structure. 

3. An apparatus according to Claim 1 
or 2 wherein two of said carriers are slid- 
ably mounted on said support structure at 90 
opposite ends of said stationary workpiece 
holding means, motor means associated with 
one of said carriers being independent of 
motor means associated with the other of 
said carriers. 95 

4. An apparatus according to Claim 1, 
2 or 3 wherein said means for securing the 
stationary workpiece to the structure in- 
cludes a plurality of pairs of opposed trans- 
versely adjustable workpiece clamping jaws, ioo 

5. An apparatus according to Claim 4 
wherein a first pair of jaws comprises 
opposed jaw members longitudinally slid- 
ably mounted in transverse alignment on 
said support structure, and including means 105 
for simultaneously shifting said jaw mem- 
bers toward or away from each other. 

6. An apparatus according to Claim 5 
wherein said means for shifting said mem- 
bers comprises pivoted levers on said struc- HO 
ture each operatively engaged at one end 
with a respective one of said jaw members, 
and a longitudinally expansible and con- 
tracting fluid pressure cylinder operably 
connected between the other ends of said 115 
levers. 

7. An apparatus according to Claim 6 
wherein said levers are of equal length and 
pivoted on parallel axes. 

8. An apparatus according to Claim 6 120 
or 7 wherein said levers have pivotal con- 
nection with said fluid pressure cylinder, 
and slidable connection with said jaw mem- 
bers. 

9. An apparatus according to any one 125 
of claims 4 to 8 wherein means on said 
structure between said first jaw members 
mounts spaced workpiece engaging ele- 
ments which are adjustable longitudinally of 

the structure. 130 
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10. An apparatus accordinging to any 
one of Claims 5 to 9 including a second 
pair of opposed jaw members having a 
transverse slide guide connection with said 

5 support structure, a shaft extending through 
both of said jaw members, oppositely 
threaded connections between the shaft and 
the respective jaw members, and means for 
selectively rotating said shaft in order to 

10 simultaneously shift said jaw members to- 
wards or away from each other. 

11. An apparatus according to any one 
of Claims 4 to 10 including mounting means 
on said structure for locating at least one 



of the pairs of jaws, and co-operating means 15 
on said mounting means and structure r?r 
adjusting said mounting means longitudin- 
ally of the structure. 

12. A friction welding apparatus, includ- 
ing workpiece holding means, substantially 20 
as hereinbefore described with reference to 
and as shown in the accompanying drawings. 
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